Delayed impacts of El Niño and the Indian Ocean Dipole in positive phase (P-IOD) on the South China early monsoon were investigated by observations and simulations. The most significant correlation between IOD index (IODI) and NINO3 appeared in boreal autumn. A new index (IODN3) related to the intensity of El Niño and IOD was created. Three indexes in boreal autumn were positively well correlated with the rainfall over the Yangtze River and its southern area (rain-YRBS) in next June. The most significant correlation appeared between IODN3 and rain-YRBS. Positive rain-YRBS anomalies in June tend to occur after P-IOD or El Niño solely matured in previous boreal autumn. However, when both events matured in boreal autumn, rain-YRBS anomalies tended to be more enhanced, which suggests that a delayed combined influence of both events on rain-YRBS in June was larger than that of either event alone. There was a low level anticyclonic circulation around the Philippines (PSAC) that developed in boreal autumn and was maintained until the following June when the single event occurred. However, a much stronger PSAC tended to occur when both events matured. The stronger PSAC could transport more water vapor to YRBS and cause more rainfall there in June.
Introduction
The sea surface temperature anomalies (SSTAs) ( Table 1 describes all acronyms in this paper) over the tropical Pacific (TP) play an important role in affecting climate variability over East Asia through the air-sea interaction. Wang et al. pointed out that there was a delayed response of the East Asian summer atmospheric circulation to the previous El Niño [1] . They found that a strong East Asian summer monsoon was closely associated with a mature phase of the central TP warming in the preceding boreal fall or winter. In fact, the key system linking the Pacific warming and the East Asian climate was an anomalous anticyclonic circulation around the Philippine Sea (PSAC) [2] .
In the last two decades of the 20th century, a phenomenon called the Indian Ocean Dipole (IOD) was found to be another strong signal of the air-sea interaction over the tropical Indian Ocean (TIO) [3, 4] . The IOD was characterized by a pair of opposing signs of SSTAs in the western and eastern TIO. In their definition, the positive IOD (P-IOD) event was associated with a warmer water area in the western Indian Ocean (WTIO) and a colder water area in the southeastern Indian Ocean (SETIO) while the negative one was an opposite distribution of the SSTAs. The IOD events usually began to develop in boreal summer, peaked in boreal fall, and decayed rapidly in boreal winter [3, 5] . Air-sea interaction processes in2 Advances in Meteorology Geopotential height anomalies at 850 hPa in the Indian Ocean with regard to the strong easterly wind disturbance and were independent of El Niño [12] [13] [14] . Both of the PE and PI, as well as PEI events, could greatly affect the climate variability in the local and remote regions [7, [15] [16] [17] and so on. However, studies about the delayed impact of P-IOD and El Niño on the East Asian atmospheric circulation and precipitation were rare. Two questions that remain to be answered are (1) how does the PE or PI event that matures in boreal winter or autumn have a delayed influence on precipitation over South China in next June? (2) The delayed combined influence of the PEI event on the precipitation over South China in next June? In this study, we examine the influence of the PE, PI, and PEI events that matured in boreal autumn on the precipitation over South China in June through statistical analysis and numerical simulation.
Data and Methods

Data.
The National Centers for Environmental Prediction/National Center for Atmospheric Research global atmospheric reanalysis data set with 2.5 ∘ × 2.5 ∘ resolution was the primary data set used in this study. A detailed description of the data assimilation system that produced this data set was given by Kistler et al. [18] . The monthly precipitation for 160 meteorological stations in China was provided by the National Climate Center of China [19] . All of the monthly station observational precipitation have been transformed into the grid boxes at resolutions of 1 ∘ × 1 ∘ . Monthly SSTAs data with 5 ∘ ×5 ∘ resolution were derived using Kaplan SSTs [20] . All the observational data sets analyzed in this study are from January 1951 to December 2000. Monthly mean data are smoothed with a 3-month running average to suppress subseasonal variability. The data sets above were used to calculate the phase of the three indices and their correlations with precipitation, along with the atmospheric states associated with each event. [21] . The model includes two optional ocean models: one drives the atmosphere model by taking monthly mean SST as a boundary field, called Data Ocean Model, and the other runs in coupling with a simple ocean model. In our work we merely consider the impact of the SSTA on the atmosphere and rainfall without considering the feedback of the atmosphere to ocean. Thus, we adopted the Data Ocean Model, which drove the model atmosphere by taking monthly mean SST as a boundary field for our experiments.
Models and Experimental
Experimental Design.
The atmospheric sensitivity to El Niño and P-IOD event forcing was examined by prescribing idealized SSTAs. A strong El Niño and P-IOD event cooccurred from May 1997 to April 1998 and both El Niño 24N   21N   18N   15N  102E  105E  108E  111E  114E  117E  120E  123E  126E  129E  132E and P-IOD events were on their peak phase in SeptemberNovember 1997. The oceanic signal during the peak time was almost strongest in the history. Thus, we chose them as the idealized imposing. The idealized SSTAs used in September are shown in Figure 1 . The pattern was similar to the real-time SSTAs distribution in September 1997. The SSTAs were mainly centered at three grid points, that is, (260 ∘ E, EQ), (105 ∘ E, 5 ∘ S), and (60 ∘ E, EQ) where SSTAs signals were robust in 1997. The SSTAs imposed into the model in the following months were in a similar distribution as shown in Figure 1 . But the values were uniformly and correspondently reduced based on the observed SSTAs located in the three center points in Figure 1 from October 1997 to June 1998. Here, the idealized SSTAs as a boundary forcing were referred to as P-SSTA. The first sensitivity experiments (SEXP1) were designed to get the impacts of previous PE and PI in fall on rain-YRBS in June. The P-SSTAs with 10 different durations, that is, from September to next June, from October to next June,. . ., from May to June, and only in June were imposed over TP or TIO regions, respectively. In the second sensitivity experiments (SEXP2), we imposed various intensity P-SSTAs over TP or TIO regions, respectively. The experiments were designed to Advances in Meteorology show the stability and sensitivity of the simulation results. In the final experiment, referred to as the SEXP3, both the P-IOD type and El Nino type of P-SSTA were imposed over TP and TIO to obtain the combined influence of PEI. The designs of the numerical experiments were shown in Table 2 .
The last five years of the 20-year integrations of the control run (CTL) were used to construct a 5-member ensemble mean as the model climate to reduce the nonlinear errors caused by differing initial conditions. For the sensitivity experiments the prescribed SSTAs were added to the monthly mean climatological SST field without the change of other parameters. Each scenario started from five different atmospheric initial conditions (for September 1 in the 16th-20th years which were the last five years in the CTL). The integration ran for ten months (from 1 September to 30 June). The average result of the five integrations was taken as the result of each sensitivity experiment to reduce the nonlinear error caused by the different initial conditions. The atmospheric circulation and precipitation anomalies were obtained by subtracting the control experiment from the sensitivity experiments.
Analysis of the Influence of PE, PI, and PEI Events on the East Asian Early Summer Monsoon
The NINO3 used in this study was the index for measuring El Niño which was the SSTAs averaged over the Niño3 region (150 ∘ W-90 ∘ W, 5 ∘ S-5 ∘ N) and the IOD index (IODI) here was defined as the SSTAs gradient between the WTIO (50-70 ∘ E, 10 ∘ S-10 ∘ N) and the SETIO (90-110 ∘ E, 10 ∘ S-EQ) [3] . The correlations between NINO3 and IODI in boreal spring (March, April, May, (MAM)), summer (June, July, August, (JJA)), fall (September, October, November, (SON)), and winter (December, January, February, (DJF)) were calculated, respectively. The correlation between NINO3 and IODI varied with evolving seasons, which was significant starting in boreal summer and reaching peaks in boreal autumn (about 0.523, exceeding 95% confidence level) (Figure 2(a) ). However, the correlations in other seasons were weaker, especially in boreal winter (only −0.122, below 90% confidence level). A P-IOD event in mature phase tended to accompany a matured El Niño event, for example, those in 1982 and 1997 in Figure 2(a) . The temporal variations of NINO3 and IODI for both of the two events maturing in boreal autumn were shown in Figure 2 (b). P-IOD reached its peak in boreal autumn and El Niño reached its peak from boreal autumn to winter, which showed a seasonal phase locking in the two events in Figure 2 (b). The correlation indicated that both El Niño and P-IOD always matured in the fall. Thus, a delayed combined impact of the co-occurring events in the fall on atmospheric circulation and precipitation in early summer over South China need to be studied in detail.
To examine the combined influence of the PEI, a new index (IODN3) related to both the intensity of SSTAs in the central TP and TIO was created. The new index was defined as
where SSTA denoted the normalized seasonal SSTA, which werecalculated by dividing the climatological anomalies by the standard deviation.
The correlation between the NINO3, IODI, and IODN3 in the preceding boreal fall and precipitation for 160 stations of China in June were calculated, respectively. The three similar correlation coefficient distributions with a most significant correlation area over Southern China appeared in Figures  3(a), 3(b), and 3(c) . The correlation coefficients exceeded 0.5 with a maximum value center of 0.62 largely covered over Southern China as shown in Figure 3(c) . The values of the correlation coefficients covered over Southern China in Figures 3 (a) and 3(b) were between 0.3 and 0.4 which were less than that in Figure 3 (c) in general. The co-occurring events were more significantly correlated with the precipitation over Southern China than single events were alone. Figure 2 (a) shows that some IOD events co-occur with ENSO, while some are independent of ENSO, as shown in many other studies [8, 9, 22] . In order to study the single influence and combined influence on the rainfall over the Yangtze River basin and its southern area (rain-YRBS) (Figure 4) , the composite rainfall anomalies in next June of PE years, PI years, and PEI years were plotted, respectively ( Figure 5 ). There was a belt of large positive rainfall anomalies over the YRBS with the maximum precipitation value about 200 mm month −1 and the location of the maximum precipitation value at (27 ∘ N, 117 ∘ E) in next June of the PEI years ( Figure 5(c)) . A similar pattern occurred in the composite of the rainfall anomalies for the previous PE and PI years ( Figures 5(a) and 5(b) ). However, the belt of the rain-YRBS anomalies in both figures in which the single event previously matured appeared weaker. The location of the maximum value center was at (24 ∘ N, 115 ∘ E) about 120 mm month −1 and (28 ∘ N, 117 ∘ E), about 180 mm month −1 , respectively ( Figures  5(a) and 5(b) ). These results suggest that previous PEI events tended to be associated with more positive rain-YRBS in next June than PE or PI events did. at (112 ∘ E, 19 ∘ N) and (115 ∘ E, 17 ∘ N), respectively, in PE and PI years, which were favorable for increased precipitation in June over YRBS [23, 24] . All of the Z850A centers were accompanied with a PSAC in Figures 6(a) and 6(b) . The anomalous southwesterlies that flowed out from PSAC could be found over YRBS in Figures 6(a) and 6(b) too. Since the PSAC could result in anomalously wet conditions along East Asia, precipitation over the YRBS in June tends to be increase. However, when the PEI event matured in the preceding boreal autumn, the Z850A near the Philippines were much stronger and the amplitude of the Z850A in Figure 6 (c) was about 4 dagpm higher than that in Figures 6(a) and 6(b). Also, the PSAC was much stronger with the center located around (125 ∘ E, 17 ∘ N) and farther northeastward compared with that in Figures 6(a) and 6(b) . These implied that previous co-occurring events tended to produce stronger PSAC that played a role in transporting more water vapor to YRBS and resulting in more rainfall there in June than a previous single event did. Figure 7 showed the temporal evolutions of the anomalous streamfunction averaged over the Philippine Sea (120-150 ∘ E, 10-20 ∘ N) at 850 hPa (S850), composed from PE years, PI years, and PEI years, respectively. Positive S850 means strong PSAC occurring. It is usually seen that the PSAC largely developed in the matured period of the events and maintained its strength until next June as shown in Figure 7 . And, when both El Niño and P-IOD matured in boreal autumn, the PSAC was stronger and even sustained for a longer time than those in the case of the single event.
Simulations of the Effects Generated by Previous PE and PI Events
By using CAM3.0, sensitivity experiments of SEXP1-PE and SEXP1-PI were conducted to study the impacts of the previous El Niño and P-IOD events that matured in boreal autumn on the rain enhanced YRBS that occurred in June, respectively. The precipitation anomalies over YRBS in June result from the effect of an El Niño and P-IOD event with different durations in experiments SEXP1-PE and SEXP1-PI were produced (Figure 8 ). The anomalous precipitation had a decreased trend with reduced durations of imposed P-SSTA only over TP (TIO) as shown in those figures. These were important evidence that the El Niño and P-IOD event in preceding boreal autumn could significantly cause positive rain-YRBS and provide a delayed impact on it. In order to study the stability and validity of simulation results above, we further conducted the second round of sensitivity experiments SEXP2-PE and SEXP2-PI to simulate the precipitation anomalies in response to different intensity of P-SSTA over TP and TIO persistent from September to next June, respectively (figures omitted). There were positive rain-YRBS anomalies when strong or weak SSTAs imposed over TP or TIO from September to next June. The positive rain-YRBS anomalies were increased with the increasing intensity of the SSTAs imposed over TP or TIO, which supports the observational results. These also implied that the model was sensitive to the SSTAs over TP or TIO and the simulations were stable. In SEXP3-PEI, the P-SSTA was imposed both over TP and TIO and the model was integrated from September to next June. The experiment showed that there were positive rain-YRBS anomalies with the center above 1 mm day
∘ N) and (109 ∘ E, 25 ∘ N) (Figure 9(c) ). In SEXP1-PE (SEXP1-PI), one of the experiments was carried out by imposing P-SSTA only over TP (TIO) from September to next June. The positive rain-YRBS anomalies with the values about 0.5 mm day −1 are shown in Figure 9 (a). The positive rainfall anomalies centers above 0.6 mm day −1 were at (118 ∘ E, 32 ∘ N) and (111 ∘ E, 22 ∘ N) in Figure 9 (b). Rain-YRBS anomalies in SEXP1-PE and SEXP1-PI were much weaker than these in SEXP3-PEI. Here, in order to investigate if the simulation coincides with composites, we showed the Z850A and wind vector anomalies in June after imposing the SSTAs to PE, PI, and PEI events previously ( Figure 10 ). There were anomalous PSAC in the experiments SEXP1-PE, SEXP1-PI, and SEXP3-PEI with the Z850A of 2 dagpm. However, the area covered with above 2 dagpm near the Philippines in Figure 10 (c) was the largest compared with those in Figures 10(a) and 10(b) . This implies that PSAC would be stronger when both events co-occurred. The stronger southwesterlies over YRBS were found in Figure 10(c) . All of the simulation results roughly coincide with observations. The simulations and statistical analyses strongly indicated that the combined influence of a PEI event that matured in boreal autumn on rain-YRBS in next June was substantially larger than that of the single event.
Summary and Discussions
Using observational analysis and simulation, influences of El Niño and the P-IOD event in preceding boreal autumn on rain-YRBS were investigated. The most significant correlation : 1963, 1972, 1982, 1987, and 1997. (about 0.523, exceeding 95% confidence level) between the IODI and NINO3 appeared in boreal autumn of the 20th century. ENSO and P-IOD would inevitably interact with each other via the atmospheric east-west Walker circulation over TP and TIO. For example, a strongly developing anticyclonic circulation over the SETIO may give positive feedback to the neighboring circulation over the western Pacific and vice versa. The interaction between the two events should be further studied in the future. The NINO3 and IODI have significant correlations in boreal fall. Thus, IODN3 which measures the intensity of ENSO and IOD events was created to estimate the combined effect. All of the three indexes in the boreal fall were positively correlated with the rain-YRBS. The co-occurring events were most significantly correlated with the rain-YRBS. The climatic simulations roughly coincided with the diagnostic analysis, although there were slight differences between them. Simulations and statistical analyses strongly indicated that previous PEI events tended to produce stronger PSAC. The stronger PSAC generated by the two events can play a role in transporting more water vapor to YRBS, resulting in more rainfall there in June than that caused by a previous single event.
When a P-IOD event occurs with El Niño in mature phase, the influence on the rain enhanced YRBS that occurred was amplified through a mechanism of a stronger developing PSAC. The significant negative SSTAs over the SETIO and the tropical west Pacific (TWP), when both events matured in boreal autumn, could induce negative anomalous Walker circulations averaged over 5 ∘ S-5 ∘ N in the tropical IndoPacific (Figure 11(c) ), although the intensity of the SSTAs over TIO and TP could be gradually decreased with time. A sinking branch over TWP-Maritime Continent was substantially intensified in this case, which appeared as a part of the AntiWalker circulation. The anomalous subsidence over TWPMaritime Continent also appeared in both single El Niño (Figure 11(a) ) and single P-IOD (Figure 11(b) ) plots, but the interaction was weaker. Thus, the effect of convection on both events was suppressed to a greater degree and caused drier conditions over TWP-Maritime Continent than single events did. In terms of Gill-Matsuno dynamics [25, 26] , the anticyclone as a Rossby wave response should occur to the northwest of the suppressed precipitation ( Figure 6 ). As a result, a stronger PSAC was induced which could persist from boreal fall to the ensuing boreal summer (Figure 6(c) ), transporting more water vapor and causing abundant rain enhanced YRBS. Consistent with the observational results, the simulations also suggest that the P-IOD event could weaken the Indian Ocean-Walker circulation and when P-IOD occurred with El Niño the anomalous subsidence over TWP-Maritime Continent was enhanced (figure omitted). Since the combined impact of the PEI events, the anomalous PSAC in Figure 10 (c) became much stronger and further westward shift that that in Figure 10(a) .
The CAM3.0 in this study properly simulated the response of rain enhanced YRBS that occurred in the SSTAs over the central TP and TIO. The ocean-atmosphere processes are crucial in the monsoon region and the atmospheric feedback on SST may be important. Thus, we consider using Coupled Ocean-Atmosphere General Circulation Model to confirm our conclusions in this study and to better understand the delayed effect of the two events on the East Asian monsoon in the future.
